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Shear Behaviour of Cemented River Sand
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Abstract

In this research, artificially cemented sand which is made of a few portland cement and Nak-Dong river sand was
researched closely. For providing the fundamental data which is needed in design and analysis of levee material, the
shear behavior of cemented sands was investigated by drained triaxial test, and analyzed in accordance with the increase
of cement content. The peak strength and elasitc modulus increased and dilation of cemented sand was restricted by
the cementation, but after breakage of the cementation, dilation increased, cohesion intercetpt and friction angle increased

with the increase of cement content and strain softening behavior appeared in stress-strain curve.
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Variable Triaxial test

Confining pressure 50, 100, and 200kPa

Cement content 0, 2, 4, 6, and 8%

Curing period 7 days

Drainage condition Drained

Rate of strain 0.1%/min




3.1 EREE]

Y 102 2ol Spymgizel 2+

A FEATE oulshe v

63&45]041;}
I3 1008t T2 AHESSIES] ¢
e Aozt Eda] vehtwa

6—].;(]1:!]- 011:1 29, ]‘?ﬂ ES3E
2k é?ﬁﬂ o= 010}04 200kPa 2] 44,:

g (barreling)o| %’*8’6}01
QI e ot AN ARl 49 Y
O & 50kPad] &dofA wjE=]

(a) ofAaf

(b) AIHE
38 10. Al2e]

EEY
|

£

| SEy

I A oRgh Hehth 7}

A4S ek

o) FAE AMEESEC wWet oF 7~10mm
2 Vel o™ E.Asghari et al.(2003)0] &g 29
A5%AZy, 49% 5] I 6%0) NEAR A 24E
2o Aokl FA oF 2~5SemErk A2 22 AoR
el Aot AMEETE] RS 49 QAT
Ageio] wol Wgel F7ho] wt Agrje] T

27 Zrkete Aow ekt

sterd 9 AMEZGE g stalge) o] &
2E YERn, U, ANETEE 2 P4l 1
Fejo] JFS AL Aoz Y

i

fin

-°l
1} Avramidis and Saxena(1985)7} 11]?_}:_]‘ Al
TE AMESYES] AFH FASHATE
AHIEZR o] T =EdE UEhfaL
SRR 27| ¥ 71877 THAEHs A, B

£

fu—

7:“‘/?_’_‘ 0.1%2 ‘iﬂ Oﬂ/\‘]_,] X]}\-]_J 715712‘ X_]"lol'
=t

ARMEEFEO) 7k vt SaAS, FEAZL
3 @%7&54 “7}(’“*01 '6}711 Upehge). 1

o o] wel ﬁﬁhﬂ%iﬂ a7)s
shae Z7lsHe RoR e
shyme e A9 %Ho ol ofgt A At 2%4)
3] HgTare) 71871 27 b
ot AuEe] Aaago] ofstel YEgE & 3
3 5317l 2 Ao Lhehgt
Taqre] Z7bol net SAASE Aol fAbSHAL.

¥ 5 AHEEHES| U=5M(s, = 100kPa)

c ; Deviatoric Axial strain Secant
err;zgt stress in elastic
CO([‘,/) in yielding yielding modulus
? (kPa) (%) (MPa)
0 194.58 0.61 31.90
2 391.72 1.48 26.47
4 505.41 1.32 38.29
6 661.73 1.23 53.80
8 979.24 117 83.70

DZE otaZefel MEHS 39



1600 T T T 2000 T T T T 2400 T T
I 8J-7days(50 kPa) I $4-7days(100 kPa) 1 $J-Tdays(200 kPa)
£+ 0% cement 3£ 0% coment [3—E—F] 0% cement
T 1260 - C——H—% 2% coment - o 1500 }- G—O—C 2% cement . ‘@ 1800 S—G—> 2% coment .
o B—S—E) 4% cement o B—O—F) 4% tement a. O 4% coment
x Loy, 6% cement X Apmmmfpefy, 6% coment X L, 8% COmENL
e 00 8% coment | e L BB 5% coment - | ©—@—0 % comont
@ @ o
£ 2 &
W 800 | -~ ®» 1000 -1 0 1200 e
g 1 8 | s | ]
8 8 8 s ad
5 3 3
8 ool - A 500 - A o680 E
D, L L L | 0 ' L I L o t L i L
4 i 8 12 4 8 12 4 . 8 12
Axial strain (%) Axial strain (%) Axial strain (%)
opd_wa ’r_ o8 _His = r_ S _HSIE =
SH-HYE (0, =50kPu) SH-HYE A (o, = 100kPa) SE-HYE (o, = 2006Pa)
3 T 1 v 1 T 3 T 1 T 3 T
BJ-7days(50 kPa) 8J-7days(100 kPa) SJ-7days(200 kPa)
[ ) 0% comont GE3E] 0% comens L) 0% cemant
> 2% cirmEAL >—&—O 2% coment > 2% comEnt -‘
O—6— 4% cement B 4% coment
e A 6% cement o~ o Py 8% comant
£ 72 06— 5% coment B3 ® Gfindy 8% coment
e A A NN = — — . m e e e e e 1 el o D) Y TN Y S -]
c R < c %
g ‘ 8 5
k] L} w
Q0 2 b g
‘3 :"‘“‘-::: % g S
E E
% 3 - 2 - — =2 -3 -
o O
3 p >
6 . i . I " . ! . " i . ! .
) 12 1] 12 0 12

4 8
Axial strain (%)

HXN-HYE (0, = 50kFn)

4 8
Axial strain (%)
HH-HEE (o, = 100kFa)

4 8
Axial strain (%)

HH-HEE (o, = 200kFa)

J8 1. NHEESEN WE TdE 2o AS

U JAFAEE S8 28)al 7400 oJgh 4}
ol59 A AstAA WA Fole 78I
o A2 Ak

o] 8t A2 Fernando Schnaid et al.(2001)2] AF=
AEE o] &3 ANE & Belo] Z=EA dTolAl
Folg 4 glon AMIEFS 1, 3, 5%2 W33t 414
T uieAE E ) AIHE S ofo] F/IErE YR E
£ 37 Y, AEg] Aglo) HHEFEo| 2%
Woll A HAZ=7 DEE 2 ol FHE a7t 24y
Hota wgt vt glo] & dAAmel i vl 3k
2 Byt |

1% 12 100kPa®] F&Q1o| A st el AlHE
SR SUF W Bl et FE-SHB(¢/p)E Y
Ehdl Aoz A wjpR Qe A Awstel AJHE o5t
Jgo) oJsto] AHMEEEES] F7of whel HE-gu
(0/P ma= F7V8FGTE LE]2L AHIES] F a8 TH) 9
A3] g7E o]Feof Yehte FFAE Q] SEulE A
HEZFE] F7to| whet R gRte] AHMET} Z8iA
ZAsto] AT o] WM3tR st Frtsteltt.

40 E=ZXjErBES

nr

24 M23A M2z

$J-7days(100 kPa)
EB—&—E]

0% cement

Stress ratio (g/p")

12

4 8
Axial strain (%)

O 12, SHu|-HEE 2

3% 13 AUNEEPES] AEAES sme)
AEAER B7807 2E0E Yz gom A
MEETE] Sl wet AEHE SAsIEoH 5
3 8we) AMEEHES] A Z7ko] Zo| 2 How
Uehgth 2el P4eke) Evte] it AMEEgE

o Aol AETIL G AWMES] BRG] F2



!

g =
2 8J-7days
2 gl Bt 2% cEMERL ]
S H—O——© 4% cemsnt
E O—8—F 8% coment
] b A 8% coment
O
c N
3 s A 7]
LN
S S
@ 4 / ]
£ B._ T
@ ) o
£ i \B\ \ ]
5 \ —
o L w% 1

]

g A“—M
o -

o 11

0 50 100 150 200
Confining prssure (kPa)

38 13 70 whE 2|

o= TSk e stk

AHE ?:}E“ YRFAL] o] AH-G-5taL ‘il% AHE
ARG OR W2 FEoA AMIES iﬂr
AA T F5Go] F7Hg whek AME 913&
ke 7+ A3k (Malandraki and Toll 2000).

AE AAHERE AMEEFEEO] 2% AHMEES
£9] A9 FLaqto] oF 300~350kPa, 8% AWE T35}
9] 78-%- oF 1000~ 1200kPac]| 4| 7w H|7} 1of Egslod
shEdel el AMEEgEe] 4Er Fods
ARES mARIE AEd Aoz wekE),

Coop and Atkinson(1993)0] #|Q1st SHIIUE 2
el mhe AIHMEEGE ] AFolM 27| HaHa
gof| osto] AHES] AY %
S B2 309 FH A0 Aol 27| BAHB
2ol oJgto} AJHES] Agatgo] FEE 1H Fefg]
AR o|Edti= ALY ’L]»E].LH]:]._

Consoli et al(1998)+= AMEZIES] AAJo] A =S
Uetdle AR22A J57 9} =S H= Ao
o+ Qe ot A (1 M 2 HAA S S At
Rom HPAPT & Agol & AarE wdd
% gl

111
orlrL

Hﬁmf

£

L=-"L—1 %))

H 6. NHESHEL| FYRI(1,)

Confining Cement content(%)
pressure
(kPa) 2 4 6 8
50 1.37 2.16 3.23 4.79
100 0.79 1.1 1.56 2.05
200 0.34 0.82 1.09 1.19

S 4 ot o] Aol wek gebd 4 ok
Malandraki and Toll(2001)-2 #42] Azl vz
o g YA, FY FF, LEAEAY TR L =
shgof et gebd 4= Qloka wEskch
#F 62 1Y W AMEZES| W2 HAAFE
Ve L glen AMEEREo] S7tol whet S71s1el
O} &Y FUtof Wt st Ao R YEhyit:

3.3 HEHHE

29 11(d), (@), (e FATELNN ] A=
£9] Wsjo] e AAUSE ehye ANEETE
bl

o] Z7IEpE SEFE Aty PHFL FUsE
S 7 Uyl
HalHtn F43 ARl thste] AT S. M Haeri
(2002)+= W FEYAA = BFHFAF] Uy
1000kPac] 9] r&to A= AT =5A45S et
e Aoz Tasigich

shpmele] 4% rumAeld Ao stol
27)4%0] S A A0 Uehgont wawrel 4

$ Qo] gapon skl e AR GO +Yst
e,

7] skgol] Agstod &2 sty o w1
A ARl Al E
2 sto] WA
9 14 spdE 9 AW
o W& TAZE YEhH AREZIEA Hj
"%( of de Jmax S WA HH] (/0 Imax7F VFEFLE
o fof] WA AHMES EF3HA] oF2
5? sl ﬂl Nz vlwA & Aotz Ao ey
. Leroueil and Vaughan(1990)% Aoff 3k uk
o % HES QA FEAEIE wen A
of mA%gel ¥l 2 GRS W B o AARES
nEEIe] 53 Fo WA 5l

r{r oj‘:é

l



3 T T r 2
3 SJ-7days (0% cement)
Siress ratio
G5 Ralle of dilation 4 ko
— W
k<]
a ~
= [
oA 1 2
c
2 s
o 15
2 =
e 1%
[ 2
4.4 @
24
Otk B S | L I -2
[ 4 8 12
Axial strain (%)
(a) slatze)
3 ] ey 7
8J-7days (4% cement) 7
- {Fff] Stress ratio
$—&—€> Rate of diation
41 @
= R4
2. o
£
g 12
c
£ S
[ 1° B
% 5
. L3
b (e
7] 2
14 ©
T
‘ -2

4 6
Axial strain (%)
(b) 4% AHEEZE
J8 14, faSHHel WHEC| 24

>
,
m
(ot

TEL S AHES] Ao 43| &
g o FZ3 FHo] FVI= QAste] RS
o spmee] A9 AgEo]l EASHA geEus
A ga-sgurt yehte "W3EY AUS4EC W
Efte Aoz waHE

AR SBARE e A5t B
ool WIS o Bz ASURR} FESHA R
QRS g—p B 139) QYT 718718 2 X

Moz Zzte] Aol st AdATelN $AFRA
o) HnPe AEAEE btk 193 ARG
=93 0 71X MY A} Bt $UT 2R

Q]

=

RERELEERAE EE X E R
AN PAe T, B HiAE 9
Haqle] WAgle] EANE FY NfSHOR WY

42 B=RXESEE =28 H23d H2=

1200 . r T r T T
SJ (0% cement) )
— [3—E—F] sokPe
& g0} Qo> 100P o
2 OGO W0Pa
N
U 5
73
8
& 600 |
L
e
5 ]
i<l
a
B 300 N
[m]
ol o ;
] 200 800 800
Mean effective stress p' (kPa)
(a) ala=ey
2000 . | T ;
- 8d (4% cement) 1
S0uPa
™ s> 100K
n 1500 — O——0 00Pa /]
3
o N CsL ]
@
8
.E 1000 2 -
O Mc=1.32
£ |
bl
8
3 500 -
Q
o k& . l
o 400 800 1200
Mean effective stress, p' (kPa)
(b) 4% A|HESRIE
3000 . T - 7 r
i 8J (8% cement) 7
— G5 9
[\ Gy 100K
Q. 2250
&
=<
o- -
@
o
1500 -]
(&3
=
S i
e
8
B 750 .
L
0

0 500 1000 1500
Mean effective stress, p' (kPa)

(c) 8% AIHESHE
a3 15. fa384=E

o] g3t 9| 33l

O 15004 SHAEE 121, 4A%AWESIE 1.32,
8% AMEZFE 1.692 AHNEZEEL] 7t wet
FAARH AL 71e7)E F7sIeY ol AHESS



fir

£l wet AR n8EA o) WIltts AL Y

k3

A Es Zgol 2L aFoly ﬁPolEiﬂloligi
A

A 714 AE nas

7}Q ?JZEUH Eﬂr% Ho
A Al HrHBoyenton 1996).

3.5 AEH+

AHEEFE Q] e Aa=of Tt A-tolA] Wissa and
Ladd(1965), Dupas and Pecker(1979)+= &2 AGHEE
Ay WrapEzke 2 s#sk= Mohr-Coulomb 2]
A=713S AL3519 0 Avramidis and Saxena{1985)

L AHESSES At AWMES Ux7F e
avke Qeke] AMES] ERET Aol FaL B
o3 skl

2 A+ollA ASAFALE o]&3te] 3

SREET
2A0) YEAES A%t

=

7%
3t et o) Ve rlet

300 ;

7
2

L SJ (7 days)
[F——EF—F] Cohesion intercapt
(o> Frichion enge

200 /E] 150

100 |- 40 .
//E// / .

e -

L P
P

—

Cohesion intercept (kPa)
..
Friction angle (degrees)

4 [
Cement content (%)

J2! 16, AMEESSN ME =85

E 7. 59 % AHESEES LTHA

Cement Friction Cohesion
Content Angle Intercept
(%) (Drained) (Drained)
0 341 6.5
2 34.7 40.3
4 39.4 72.3
6 40.3 106.2
8 44 184.5

AL o] 83te) BEYSE oo £ T U I 16
o sppmel @ AMESTES] RS 20H 2
o2 gUAHEEFES] 9 shido] Hstq F&
Yol R7R oF 1004 2715t FAEe AdE
3o wak 34 FVrehe AR UEbgTh
Saxena and Lastrico(1978)& H|H EIEVNEXTE SALE-
AN Rl AMESFE ] S HY R
711&k 1%4 50 WEE v}xw AR o Z18EA|
ool AmEe] TR G| Lujuly] AR
3L upge] o] ekl Ala stcha stk w3t
w3k Quero] 2488 49 A Fgele) FHw A
stol @atue a@um npze] 2Aets Aow
RS
a9 178 sHARE 2 8%AME R E ] A
o w2 gatels yeapazte) Wake tehys) st
200 - 60
| S (0% cement) 1
P : - : Cohesian intsroept —
& 150 - iy Friction angie g
< ) O
- — 4 o)
%’ 100 |- ?/ _ %
o ; ©
2 i 0 6
O / L
2}
A
0(r———fifiE%E%fké}E}E}E}E&f&f&f&é&ﬁ&E&E&é?—-——w— 0
[} 4 8 12
Axial strain (%)
(a) Skat=el
500 . : . T 100
$J-Tdays (8% cement)
—~ 400 }- B\—E\r{;}cmasxonwnzercem
© ey Frction angle a
[a i RE
% o
- o
<% i @
g 300 - 3
) g 2
£ 2
o , Qg@fa 2§<><*€¥9<> ﬁ
£ | i c
3 H [e]
g 1 3
Q in] 25 &
O 100 757'%@ N\ L
b |
Y, S— " ‘ ; X
[ 2 4 3 8
Axial strain (%)
(b) 8% AIHEZRIE
J7 17, MTeEd nE gl
DEE oA MHAHS 43




o OEELELL

s A %H Azgo] Mygz7| &, 1%
ol A HFghS vebd & AEEHA 8% AU EZS}
B9 A9 FAESE7L U WEE & 1-2%A
o]9] FEHHE/A TV T HA adETk YRo}
Azre sy A ddzr|o] vehdAe Al
EZIEY 3¢ Hzgo] A AEEHL T dHT
ol =gste AR yeht AMEEZFES] 148
= AdEd o3t Ao it AoR Uekith

Omae et al.(2003)2 A|HEE 33t ZA22 g

ApzQrZA oA T AJHES 0.6kN/m’2 - A|H
7Y A9 F& upEkzbo] g 52.7°, &2 560kPa
Aol Zhe 7hACEAL WRste] B A ATpET) A
Ao 2o AJHEF A FArPRZE 2A vEhy
o ARFYL AWNEEIE 4% Tt AL gAY
A EESE] Z7t) wet o & gk UEhiginh o
gt Aol AEY JrEro Aol2 BAF ¢ Q=
g 9] AFel AL 4.76mmo]5te] R AR} oF 25%
ojalel ¥ 2 Aol AMg-E AR AtAel ¢
TREEIE fiEo] RedRE A" Aes yEy
e et AR FeEA FFS vA= F

QAL & & ATk

FO

e gHstel FUE
3 39 Aoy
o) ol Mg barcling)o] WSO A= T

E9] A9 Addrt Y4 HAdotd s vebgth ¢
Aoz A MEEIZo] Z2rle4E FJEYE U 7

"301 Z71sta 4993 AFol EHSIGOL B A
gJE |Me AdES] TAEI} Zo} =2
.:l
1=

—H_

v dAxutzle] elgt wj@gol vhehyrt.

E33tg0] 710 weh YEAE, dAshg 4 3
JA 5= F7 } 1+ 2]t o:\g}a)\mug:,u}g 7 AE
o 28T 4ol S0 mlet HEGE W A5y
%}*3?@%% retaAe Askek H**ZI—T% E4ZS

N

A

-

44 =X LB =2T H23A K23

o YA HEHOA YA BHES F71A17
o4 Al EREL] ANEEEE Sl wet
SEABS 2T YRolF melUre] A
2 qstel BYAT] Frstgch
AHEEHENN HNBHE(de,/deJou®] HhF
B¢/ et ERFE W o) F0] AL
pimalel e A dxstel YmEh ARE g
Zo) o 2 Y W= Ao Yehhch a1 A
WEEghge] 2o et aAMEAY 1877t
shetol sptmele) BAo] Wt Ao Lehten
AHES] A2t ofste] AMEEFES] DRI
e meiglate] ME et EHd) fakd A
=2 qlslol A% % WEapEzte| Z7tskich

i

o

ki

o2k

1

Mo
ret

1. Asghari, E., Toll, D. G. and Haeri, S. M. (2003), “Triaxial
Behavior of a cemented Gravely Sand. Tehran Alluvium”, Journal
of Geotechnical and Geological Engineering, Vol.21, No.1, pp.1-28.

2. Avramidis and Saxena, S. K. (1985), “Behavior of cemented-
stabilized sands under static and dynamic loads”, Report No.IIT-
CE85-01, Department of Civil Engineering, Iilinois Institute of
Technology, Chicago.

3. Black, D. K. and Lee, K. L. (1973), “Saturating laboratory samples
by back pressure”, J. Soil Mechanics & Foundation Division
ASCE, Vol.99, No.SM1, Paper9484, pp.75-93.

4. Boyenton, R. S. (1996), “Chemistry and technology of lime and
limestone”, John Wiley and Sons.

5. Clough, G. W., Iwabuchi, J, Rad, N. S., and Kuppusamy, T.
(1989), “Influence of cementation on liquefaction of sands”, ASCE,
Vol.115, Ne.8, pp.1102-1117.

6. Consoli, N. C., Prietto, D. M. and Ulbrich, L. A. (1998), “Influence
of Fiber and Cement Anddition on Behavior of Sandy Soil”,
Journal of Geotechnical and Geoenvironmental Engineering, ASCE,
Vol, 124, No.12, pp.1211-1214.

7. Coop, M. R., and Atkinson, J. H. (1993), “The mechanics of
cemented carbonate sands”, Geotechnique, Vol.43, No.1, pp.53-67.

8. Dupas, J-M. and pecker, A. (1979), Static and dynamic properties
of sand-cement. Jouranl of the Geotechnical Engineering Division,
ASCE, 105(GT3): 419-436.

9. Fernando S., Pedro D. M., Prietto., and Nilo C. C. (2001)
“Characterization of cemented sand in triaxial compression”, ASCE,
Vol.127, No.10, pp.857-868.

10. Haeri, S. M., Yasrobi, S., and Asghari, E. (2002), “Effects of
Cementation on the Shear Strength Parameters of Tehran Allubium
Using the Large Direct Shear Test”, Sth IAEG Contress, Durban,
South Africal pp.519-525.

11. Huang, J. T.and Airey, D. W. (1998), “Properties of Artificially
Cemented Carbonate Sand”, ASCE, Journal of Geotechbical and
Geoenvironmental Engineering, Vol.124, No.6, pp.482-499.

12. Ismail (2002b), “Cementation of porous materials using calcite” :



13.

4.

15.

16.

Geotechnique, Vol.52, No.5, pp.313-324.

Leroueil, S. and Vaughan, P. R. (1990), The general and congruent
effects of structure in natural soils and weak rocks. Geotechnique,
40(3): 467-488.

Malandraki, V. and Toll, D .G. (2000), “Drained probing triaxial
tests on a weakly bonded artificial soil”, Geotechnique, London,
50(2), 141-151.

Omae, s., Sato, N., and Oomoto, 1. (2003), Dynamic properties of
CSG:, Proc of 4th Inter. Conf. on Roller compacted concrete dam,
Spain pp.511-518.

Saxena, S. K and Lastrico, R. M. (1978), “Static Properties of

17.

18.

19.

Lightly Cemented Sand”, ASCE Journal of Geotechnical Engineering,
Vol.104, No.12, pp.1449-1465.

Skempton, A. W. (1954), The pore pressure coefficients A and B,
Geotechnique, London, 4, 143-147.

Sowers (1979), Introductory Soil Mechanics and Foundation:
Geotechnical Engineering, 4th Edition, Macmillan Company, New
York, N.Y.

Wissa and Ladd (1965), “Effective stress strength parameters of
stabilized soils” : Proc., Sixth Int. Conference of Soil Mechanics,
International Society of Soil Mechanics and Foundation Engi-
neering, 1, 412-416.

(B5LR 2006. 8. 7, AAMEEY 2007. 2. 14)



